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1
DOWNHOLE FLOW CONTROL DEVICE AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. Non Provisional
application Ser. No. 12/136,377, filed on Jun. 10, 2008, and
claims priority to U.S. Provisional Application No. 61/052,
919, filed on May 13, 2008, which patent applications are
incorporated herein by reference in their entireties.

BACKGROUND

The following disclosure relates to a method and system
for equalizing recovery of hydrocarbons from wells with
multiple production zones having varying flow characteris-
tics.

In long wells with multiple producing zones, the tempera-
tures can vary between the zones thereby having an effect on
the production rate and ultimately the total production from
the various zones. For example, a high flowing zone can
increase in temperature due to the friction of fluid flowing
therethrough with high velocity. Such an increase in fluid
temperature can decrease the viscosity of the fluid, thereby
tending to further increase the flow rate. These conditions can
result in depletion of hydrocarbons from the high flowing
zones, while recovering relatively little hydrocarbon fluid
from the low flowing zones. Systems and methods to equalize
the hydrocarbon recovery rate from multi-zone wells would
therefore be well received in the art.

BRIEF DESCRIPTION OF THE INVENTION

A flow control device, including a first member defining a
first portion of a flow path; a second member defining a
second portion of the flow path, the flow path having a cross
sectional flow area defined at least partially by the first mem-
ber and the second member, a length of the flow path being
greater than a largest dimension of the cross sectional flow
area, and the cross sectional flow area being adjustable by
movement of at least a portion of the first member relative to
the second member; and a crush zone arranged with at least
one of the first member and the second member that can
change in length due to loading thereof.

A method of adjusting restriction of a downhole flow path,
including porting fluid through the downhole flow path, the
downhole flow path having a length greater than a largest
dimension of a cross sectional area of the downhole flow path;
moving at least a portion of one of a first member defining a
first portion of the downhole flow path and a second member
defining a second portion of the downhole flow path relative
to the other of the first member and the second member such
that the cross sectional area is altered; and loading a crush
zone arranged with at least one of the first member and the
second member for changing an alterable length of the crush
zone.

BRIEF DESCRIPTION OF THE DRAWINGS

The following descriptions should not be considered lim-
iting in any way. With reference to the accompanying draw-
ings, like elements are numbered alike:

FIG. 1 depicts a partial cross sectional side view of a
downhole flow control device disclosed herein;

FIG. 2 depicts a cross sectional side view of the flow
control device at less magnification;
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FIG. 3 depicts the flow control device of FIG. 1 with an
alternate actuation mechanism;

FIG. 4A depicts the flow control device of FIG. 1 with yet
another actuation mechanism with the actuation mechanism
in the non-actuated state; and

FIG. 4B depicts the flow control device of FIG. 1 with the
actuation mechanism of FIG. 4A in the actuated state.

DETAILED DESCRIPTION OF THE INVENTION

A detailed description of one or more embodiments of the
disclosed apparatus and method are presented herein by way
of exemplification and not limitation with reference to the
Figures.

Referring to FIG. 1, an embodiment of a downhole flow
control device 10, disclosed herein, is illustrated. The control
device 10 includes, a first tubular member 14 and a second
tubular member 18 defining a first annular flow space 22 and
a second annular flow space 26 therebetween. A helical flow
path 30 fluidically connects the first annular flow space 22
with the second annular flow space 26. The helical flow path
30, has a cross sectional flow area 32, defined by clearance
between helical radially inwardly protruding threads 34, of
the first tubular member 14, and helical radially outwardly
protruding threads 38, of the second tubular member 18. The
cross sectional flow area 32 of the helical flow path 30 is
adjustable such that the flow rate therethrough can be
throttled. The adjustment can be performed automatically
based upon downhole conditions such as flow rate and tem-
perature, for example. Employing multiple helical flow paths
30 in a single tubular string can automatically reduce produc-
tion in high flowing zones, while not reducing production in
low flowing zones automatically to equalize the zones and
potentially extract more total hydrocarbon from the well.

Intheembodiment of FIG. 1, the first annular flow space 22
is fluidically connected to an annular space 42 between the
first tubular member 14 and an inner perimetrical surface 46
of a formation, liner or other tubular structure, for example.
The second annular flow space 26 is fluidically connected to
aninner flow space 50 defined by an inner radial portion of the
second tubular member 18. As such, fluid is permitted to flow
through a screen 54, through the first annular flow space 22, in
the direction of arrows 58, through the flow path 30, through
the second annular flow space 26, in the direction of arrows 62
and through a port 66 into the inner flow space 50. It should be
noted that in alternate embodiments the fluid that flows
through the helical flow path 30 could originate from and end
up in alternate locations or directions than those illustrated
herein.

The helical flow path 30 can be designed to circumnavigate
the second tubular member 18 as many times as desired with
the flow path 30 illustrated herein, completing approximately
four complete revolutions. A length of the flow path 30 is,
therefore, much greater than a largest dimension of the cross
sectional flow area 32. As such, viscous drag along surfaces
that define the cross sectional flow area 32 create a pressure
drop as fluid flows therethrough. This pressure drop can be
substantial, particularly in comparison to the pressure drop
that would result from the cross sectional flow area 32 if the
length of the flow path 30 were less than the largest dimension
of the cross sectional flow area 32. Embodiments disclosed
herein allow for adjustment of the cross sectional flow area 32
including automatic adjustment of the cross sectional flow
area 32 as will be discussed in detail with reference to the
figures.

Additionally, the first tubular member 14 is axially mov-
able relative to the second tubular member 18. As the first
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tubular member 14 is moved leftward as viewed in FIG. 1, the
cross sectional flow area 32 will decrease since the threads 34
will move closer to the threads 38. One or more seals (not
shown) seal the opposing ends of threads 34 to threads 38 to
prevent fluid flow from flowing through any clearance devel-
oped on the back sides of the threads 34, 38 when the first
tubular 14 is moved.

Referring to FIG. 2, the flow control device 10 is shown in
an embodiment wherein the movement of the first tubular
member 14 is actuated by dimensional changes in the first
tubular member 14. The first tubular member 14 is fabricated
from a first portion 78 and a second portion 82. The threads 34
are located in the second portion 82. The first portion 78 is
fixedly attached to the second tubular 18 at attachment 86 by,
for example, threaded engagement, welding or similar
method. The attachment 86 prevents relative motion between
the two tubulars 14, 18 at the point of the attachment 86.
However, relative motion between the second portion 82 and
the second tubular member 18 is desirable and controllable.
The first tubular member 14, including both the portions 78
and 82, are fabricated from a material having a first coefficient
of thermal expansion while the second tubular member 18 is
fabricated from a different material having a second coeffi-
cient of thermal expansion. The forgoing construction will
result in the first tubular member 14 expanding axially at a
rate, with changes in temperature, that is different than the
axial expansion of the second tubular member 18. Since the
fluid flow is in the annular flow spaces 22, 26 between the two
tubulars 14, 18, the tubulars 14, 18 will maintain approxi-
mately the same temperature. By setting the coefficient of
thermal expansion for the first tubular member 14 greater than
that of the second tubular member 18, the cross sectional flow
area 32 will decrease as the temperature of the flow control
device 10 increases. This can be used to automatically restrict
ahigh flowing zone in response to increases in temperature of
the device 10 due to friction of the fluid flowing therethrough.
Conversely, in low flowing zones, the decreased friction will
maintain the device 10 at lower temperatures, thereby main-
taining the cross sectional flow area 32 at larger values near
the original value.

Additionally, the flow control device 10 can be used to
equalize the flow of steam in a steam injection well. Portions
of'a well having higher flow rates of steam will have greater
increases in temperature that will result in greater expansion
of the first tubular member 14, thereby restricting flow of
steam therethrough. Conversely, portions of the well having
less flow of steam will have less increases in temperature,
which will result in little or no expansion of the first tubular
14, thereby maintaining the cross sectional flow area 32 at or
near its original value. This original cross sectional flow area
32 allows for the least restrictive flow of steam to promote
higher flow rates. The flow control device 10 can, therefore,
be used to equalize the injection of steam in a steam injection
well and to equalize the recovery of hydrocarbons in a pro-
ducing well.

In the forgoing embodiment, the second portion 82 was
made of a material with a different coefficient of thermal
expansion than the second tubular member 18. In addition to
contributing to the movement of the second portion 82, this
also causes a change in pitch of the thread 34 that is different
than a change in pitch of the thread 38. Consequently, the
cross sectional flow area 32 varies over the length of the flow
path 30. Since, in the above example, the second portion 82
expands more than the second tubular member 18, the pitch of
the thread 34 will increase more than the pitch of the thread

40

45

4

38. The cross sectional flow area 32 will, therefore, decrease
more at points further from the attachment 86 than a points
nearer to the attachment 86.

Keeping the cross sectional flow area 32 constant over the
length of the flow path 30 can be accomplished by fabricating
the second portion 82 from the same material, or a material
having the same coefficient of thermal expansion, as the sec-
ond tubular member 18. If the second portion 82 and the
second tubular member 18 have the same coefficient of ther-
mal expansion, then the pitch of the threads 34 will change at
the same rate, with changes in temperature, as the pitch of the
threads 38. Note that this constancy of the flow area 32 is over
the length of the flow path 30 only, as the overall flow area 32
as a whole over the complete flow path 30 can vary over time
as the temperature of the device 10 changes. Such change
results when the second portion 82 moves, or translates, rela-
tive to the second tubular member 18. Movement of the sec-
ond portion 82 can be achieved in several ways, with a few
being disclosed in embodiments that follow.

Referring to FIG. 3, movement of the second portion 82, in
this embodiment, results from expansion of the drill string in
areas outside the device 10, as well as within the device 10. As
portions of the drill string heat up they expand. This expan-
sion applies an axially compressive load throughout the drill
string, which includes the second tubular member 18. A crush
zone 90, located in a portion of the second tubular member 18,
is designed to crush and thereby shorten axially in response to
the load. The crush zone 90, illustrated in this embodiment,
includes a series of convolutes 94 within a perimetrical wall
98. The convolutes 94 place portions of the wall in bending
that will plastically deform at loads less than is required to
cause plastic deformation of walls without convolutes. Alter-
nate constructions of crush zones can be applied as well, such
as those created by the areas of weakness as disclosed in U.S.
Pat. No. 6,896,049 to Moyes, for example, the contents of
which are incorporated by reference herein in their entirety.
The crush zone 90 is located between the attachment 86 and
the second portion 82. As the crush zone 90 shortens, the
threads 38 move toward the right, as viewed in FIG. 3, and in
the process causing the cross sectional flow area 32 to
decrease. The decrease in the flow area 32 results in an
increase in the pressure drop of fluid flowing through the flow
path 30 restricting flow in the process.

Referring to FIGS. 4A and 4B, an alternate embodiment of
a crush zone 102 is employed. The crush zone 102 includes a
release joint 106, such as, a shear joint, for example, having a
shear plane 110 in the second tubular 18. The shear plane 110
shears at a selected level of compressive load. Upon shearing,
the shear joint 106 is axially shortened. By placing the shear
joint 106, between the attachment 86 and the second portion
82, the cross sectional flow area 32 is made to decrease upon
axial shortening of the shear joint 106, as depicted in FIG. 4B.

While the invention has been described with reference to
an exemplary embodiment or embodiments, it will be under-
stood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is
intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include
all embodiments falling within the scope of the claims. Also,
in the drawings and the description, there have been disclosed
exemplary embodiments of the invention and, although spe-
cific terms may have been employed, they are unless other-
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wise stated used in a generic and descriptive sense only and
not for purposes of limitation, the scope of the invention
therefore not being so limited. Moreover, the use of the terms
first, second, etc. do not denote any order or importance, but
rather the terms first, second, etc. are used to distinguish one
element from another. Furthermore, the use of the terms a, an,
etc. do not denote a limitation of quantity, but rather denote
the presence of at least one of the referenced item.

What is claimed is:

1. A flow control device, comprising:

a first member defining a first portion of a cross section of
a flow path;

a second member defining a second portion of the cross
section of the flow path, the second member being dis-
tinct from and operably coupled with the first member,
the flow path having a cross sectional flow area defined
at least partially by the first portion and the second
portion, a length of the flow path being greater than a
largest dimension of the cross sectional flow area, and
the cross sectional flow area being adjustable by axial
movement of at least a portion of the first member rela-
tive to the second member; and

a crush zone arranged with at least one of the first member
and the second member that can change in length due to
loading thereof, at least a portion of the crush zone being
configured to undergo plastic deformation due to the
loading thereof and resulting in the movement of at least
aportion of the first member relative to the second mem-
ber.

2. The flow control device of claim 1, wherein the cross
sectional flow area is altered at every point along the flow path
in response to the movement.

3. The flow control device of claim 1, wherein the first
member is tubular with a radially inwardly protruding thread
and the second member is tubular with a radially outwardly
protruding thread and the radially outwardly protruding
thread extends radially outwardly a dimension greater than a
minimum dimension of the radially inwardly protruding
thread.

4. The flow control device of claim 3, wherein clearance
between the radially inwardly protruding thread and the radi-
ally outwardly protruding thread defines the flow path.

5. The flow control device of claim 1, wherein a plurality of
the flow control devices are incorporated in a well to equalize
at least one of injection of steam and production of hydrocar-
bons along the well.

6. The flow control device of claim 1, wherein the at least
one crush zone changes in axial length in response to axial
loading thereof.

7. The flow control device of claim 1, wherein the at least
one crush zone includes at least one shear joint.

8. The flow control device of claim 1, wherein the crush
zone includes at least one convolute.

9. The flow control device of claim 1, wherein the device is
arranged downhole.
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10. A flow control device, comprising:

a first member defining a first portion of a cross section of
a flow path;

a second member defining a second portion of the cross
section of the flow path, the second member being dis-
tinct from and operably coupled with the first member,
the flow path having a cross sectional flow area defined
at least partially by the first portion and the second
portion, a length of the flow path being greater than a
largest dimension of the cross sectional flow area and the
cross sectional flow area being adjustable by movement
of at least a portion of the first member relative to the
second member; and

a crush zone arranged with at least one of the first member
and the second member that can change in length due to
loading thereof, at least a portion of the crush zone being
configured to undergo plastic deformation due to the
loading thereof and resulting in the movement of at least
aportion of the first member relative to the second mem-
ber,

wherein the flow path has a helical shape.

11. A method of adjusting restriction of a flow path, com-
prising:

porting fluid through the flow path, the flow path having a
length greater than a largest dimension of a cross sec-
tional area of the flow path; and

altering the cross sectional area of the flow path by loading
acrush zone to plastically deform at least a portion ofthe
crush zone thereby changing an alterable length of the
crush zone, the crush zone arranged with at least one of
a first member defining a first portion of a cross section
of the flow path and a second member, distinct from and
operably coupled with the first member, defining a sec-
ond portion of the cross section of the flow path, the
loading of'the crush zone resulting in axial movement of
the first member relative to the second member such that
the cross sectional area is altered.

12. The method of adjusting restriction of a flow path of
claim 11, further comprising shortening the crush zone
arranged with the at least one of the first member and the
second member.

13. The method of adjusting restriction of a flow path of
claim 12, wherein shortening the crush zone includes com-
pressing at least one convolution of the crush zone.

14. The method of adjusting restriction of a flow path of
claim 12, wherein shortening the crush zone includes shear-
ing at least one shear joint of the crush zone.

15. The method of adjusting restriction of a flow path of
claim 11, wherein loading the crush zone includes axially
loading the crush zone.

16. The method of adjusting restriction of a flow path of
claim 11, further comprising arranging a tubular string con-
taining the first member and the second member downhole.
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